Abstract-In order to elucidate the role of various ultrasonic effects on pH and conductivity of K 2 HPO 4 solution, the dependencies of both properties on the solution temperature which rises due to ultrasonic thermoeffect are investigated. As the K 2 HPO 4 solution is heated by the conventional method, the pH is linear with the reciprocal of thermodynamic temperature and the conductivity is linear with the temperature when the solution is irradiated by the ultrasound. Therefore, it is reasonably thought that ultrasonic thermo-effect, rather than cavitation and mechanical effect, is the primary factor affecting the ionization equilibrium and the ion migration in K 2 HPO 4 solution. Based on the founded mathematical model for the temperature of bulk solution under ultrasound irradiation, the quantitative terms for the pH and the conductivity of K 2 HPO 4 solution were respectively derived from operation parameters. In addition, the effects of ultrasonic waves on the pH and the conductivity of K 2 HPO 4 solutions are reversible.
INTRODUCTION
Power ultrasound plays more and more important roles in chemical engineering, bioengineering, food engineering, and medicine. In these fields, kinds of solution are used as the media for ultrasound propagation. The physicochemical properties of the solution, such as conductivity and pH, are very important characteristics for the application of solution practically. It is necessary to understand lucidly the mechanism of ultrasonic effects on these properties. Agarwal [1] reported that, the conductivities of sulphate and nitrate solutions increased with the irradiation of ultrasound. Furthermore, the greater frequency or power of ultrasound was, the greater conductivity changed. Mehmet and his coworker [2] found that a highly significant decrease was observed in pH values of blood due to the ultrasound exposure. We [3] found that the viscosity and surface tension of aqueous solutions temporarily decreased while the conductivity increased under the ultrasound irradiation.
Thermo-effect, cavitation-effect and mechanical effect are risen when ultrasound propagates through the liquid solution.
Usually, cavitation is considered as the major effect that accounts for the changes of solution property like electric conductivity [4, 5] . However, it was reported that 89-95% of the vibration energy irradiated by the probe transforms to thermal energy in the deionized, air-saturated water at 1 atm pressure [6] . The feature of solution depends on the temperature, so the ultrasonic thermo-effect on the properties should not be ignored. Power ultrasonic theories [7] point out that ultrasonic thermo-effect should be primary if the similar temperature is obtained by the conventional heat and the similar effect appears repeatedly. Aqueous solutions of phosphate are applied widely in biochemistry and bioengineering because they are not only organismal humoral compounds but also the common pH buffer species. In this paper, the effects of the ultrasound irradiation on pH and conductivity of K 2 HPO 4 solution are studied ,moreover, make comparison with the effects of the water bath heat, and then the role of ultrasonic thermo-effects is discussed. The mathematical models for pH and conductivity of K 2 HPO 4 solution are derived from the operation parameters such as the ultrasonic intensity and the duration of the irradiation.
II. EXPERIMENT
The experiments were carried out in a 100mL tri stoppered flask which is made by dr. hielscher Co. of Germany. It is equipped with an ultrasound apparatus (UP 400S) with the frequency of 24±1kHz, the end diameter of microtip of 3mm, the maximum intensity of 4.60×10 6 
Wm
-2 , The schematic of the experimental apparatus is shown in Fig. 1 . 50mL K 2 HPO 4 solution with the concentration of 0.5molL -1 was treated with different ultrasonic intensity using this apparatus. The on-line conductivity, pH and temperature of the solution were measured as a function of time by the conductivity instrument (Sension 4) and the pH meter (Sension 1), which are made by Hach Co. of USA. The experiment was conducted three times and the averages are reported here. Fig. 2 shows the temperature of K 2 HPO 4 solution samples, being treated with the ultrasound with various intensities. The temperature increases as the duration of ultrasound irradiation prolong as expected. For the experimental system, the heat balance can be written as [7, 8] 
III. RESULTS AND DISCUSSION

A. Effects of Ultrasound on Temperature of Bulk Solution
where，t is the duration of ultrasound irradiation in s; α is the acoustic absorption coefficient in m -1 which depends on the frequency, the velocity of ultrasonic wave and the density, the viscosity of solution; I is the intensity of ultrasound in Wm ; h is the heat transfer coefficient from bulk solution to environment in Wm -2 ℃ -1 ; A is the heat transfer area between the bulk solution and the environment in m 2 , T 0 is the temperature of environment in ℃, which is equal to the initial temperature of solution. In (1), the term in left-hand side is the heat which transforms from ultrasound to solution, the first term in right-hand side is the energy which is used to raise the temperature of bulk solution, and the second term is the heat which transfers to the environment from solution. Suppose that the environment temperature keeps intact and regard the temperature of bulk solution before ultrasound irradiation as the initial condition, namely t =0, T =T 0 , and then the solution of (1) is reached:
(2)
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Keep the same solution composition, solution weight, ultrasonic frequency and experimental container, the values of k 1 and k 2 are same respectively. From (3) the temperature of bulk solution is determined by I, t, and T 0 . Calculate the values of (T-T 0 )/I at the same t for each curve shown in Fig. 2 , and average them. The dependencies of (T-T 0 )/I on t for 0.5molL 
B. Effects of Ultrasound on pH of K 2 HPO 4 Solution
The phosphates are polybasic acid salts. There are three kinds of ionization equilibriums in the phosphate solutions. According to charge balance, mass balance and proton balance in electrolyte solution, the proton concentration [H + ] of solution can be obtained. Furthermore, if the concentration of electrolyte is much larger than the ionization constant, the pH values of K 2 HPO 4 solution can be expressed simply by (4), where, K α2 , K α3 are the ionization constants for the second (from PO ) of phosphate [9] .
Essentially, the ionization equilibrium is a chemical reaction equilibrium in solution, so the ionization constant can 
where, K is the ionization constant, △H is the enthalpy change of ionization in J, R is the gas constant which is equal to 8.314 Jmol -1 , I' is a constant, and e is the base of the natural logarithms which is equal to 2.718. Connecting (4) with (5), it shows that the pH of K 2 HPO 4 solution has a linear function of the reciprocal of thermodynamic temperature (T+273.15), i.e. the plot of pH versus 1/(T+273.15) yields a straight line, and this was verified by the experimental data in the case of water bath heat which is shown in Fig. 4 .
As shown in Fig. 4 , the pH of 0.5 molL -1 K 2 HPO 4 solution decreased when they were treated with the ultrasound irradiation. Furthermore, the pH of K 2 HPO 4 solution can be derived from 1/(T+273.15) by the linear equation in each case of ultrasound irradiation. The linear dependency of pH on 1/(T+273.15), checked by Qbasic program [11] by comparing the difference between two regression lines, showed no significant differences (significant level P<0.05) between the water bath heat and each case of the ultrasound irradiation. The decrease in pH of K 2 HPO 4 solution under the ultrasonic irradiation, as the conventional heat method, is mostly caused by the increase in temperature. Consequently, it is reasonably considered that the primary ultrasonic factor, which affects the pH of K 2 HPO 4 solution, is thermo-effect rather than cavitation and mechanic effect in the case of ultrasound irradiation. Average the coefficients of the expressions in each case of ultrasound irradiation in Fig. 4 
C. Effects of Ultrasound on the Conductivity of K 2 HPO 4 Solution
The factors that affect the conductivity of solution, including the type, number and migration velocity of ions, closely relate to the temperature. The conductivity of ion increases with the temperature without exception, and the molar conductivity of ion can be derived from temperature by the experience formula in an infinite dilution solution [12] ,
where, 0 T λ and 0 25
λ are the molar conductivity of ion in an infinite dilution solution at T℃ and 25℃in ×10 -4 Sm 2 mol -1 , respectively; and a, b, and c are the constants which are independent on the temperature. According to the value provided by Harned and Owen [11] , a, b, and c are the order of 10 1 , 10 -3
, 10 -5 correspondingly, so the last two terms in the right-hand side of (7) , and PO 4 3-. The conductivity of K 2 HPO 4 solution is the sum of the conductivity of these six ions, i.e.
where, κ is the conductivity of solution in Sm -1 , λ i is the molar conductivity of ith ion in Sm 2 mol -1 , and C i is the molar concentration of ith ion in molL -1 . Each concentration of the ion in 0.5molL -1 K 2 HPO 4 solutions at 25℃ and 35℃ , which are shown in TABLE I, was calculated from the measured pH and the ionization constants [10] . When the temperature changed from 25℃ to 35℃, the concentration of each ion changed below 10 -4 molL -1 in 0.5molL -1 K 2 HPO 4 solution, the fluctuation of the temperature was below 50 ℃ in our experiments, it is reasonably considered that the changes of C i with temperature was insignificant. Suppose the molar conductivity of ion λ in our experiments was close to 0 T λ . Because 0 T λ has linearly changed with temperature, and C i changed slightly, the dependency of κ on T can be expressed by first-order function, i.e. the plot of κ versus T also yields a straight line. The linear dependency greatly fits to the experiment data in the case of water bath heat which is shown in Fig. 5 . In the case of the ultrasound irradiation, κ of 0.5molL -1 K 2 HPO 4 solution also increases with temperature. Furthermore, the dependency of κ on T can also well fit with the linear equations as shown in Fig. 5 . Similarly, the differences between the linear dependencies of κ on T in each case of ultrasound irradiation and that in the case of water bath heat are checked, it shows no significant differences (P<0.05) between them too. It can also be considered that the increase in κ of K 2 HPO 4 solution was mostly due to thermo-effect rather than cavitation and mechanic effect in the case of ultrasound irradiation. 
D. pH and Conductivity of K 2 HPO 4 Solution Treated with
Ultrasounds 0.5 molL -1 K 2 HPO 4 solution was treated with water bath heat or ultrasound irradiation with various intensities, after cooled down , the pH and conductivity were determined. As shown in Table II , although the treatment methods are different, the pH and conductivity of the solution have no significant different after the solutions were cooled down to the same temperature (21.9 ℃ ), which are almost equal to the initial values before treatment. This experiment has verified further that the primary factor, which affects pH and conductivity of K 2 HPO 4 solution under the ultrasound irradiation, is the ultrasonic thermo-effect. 
IV. CONCLUSIONS
To combine the energy balance theories with the experiments, the mathematical model for the temperature of K 2 HPO 4 solution being irradiated by ultrasound is derived from the ultrasonic parameters. Base on the physical chemistry theory and ionization equilibrium theory for electrolytic solution, the variation regulations of pH and conductivity of K 2 HPO 4 solutions with the solution temperature are obtained and testified experimentally. When the K 2 HPO 4 solution being irradiated by the ultrasound, as the case of conventional water bath heat, the pH is linear with the reciprocal of thermodynamic temperature, and the conductivity is linear with the temperature. The quantity terms for the pH and conductivity of phosphate solution are derived from the operation parameters consequently. At the same time, it is found that the ultrasonic thermo-effect is the primary factor to affect the ionization equilibrium and ion migration of the solution. Moreover, the effects of ultrasound on the pH and conductivity, which are similar to that of the conventional heat, are reversible.
